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Prophylaxis with amoxicillin (40 mg/kg) was studied in rats with aortic valve vegetations.
Bacteria on the valves were quantitated early (10 min to 6 hr) and late (three days) after
intravenous challenge with tolerant Streptococcus intermedius. Amoxicillin reduced by
40070 the number of bacteria per valve 10 min after intravenous challenge with 105 S. inter-
medius (P < .05) and by 74% the incidence of endocarditis three days thereafter (P < .00(1).
Bacterial multiplication started 2 hr after challenge in control rats, whereas bacteria dis-
appeared in 6 hr in amoxicillin-treated rats. Intravenous penicillinase 30 min after chal-
lenge abolished successful amoxicillin prophylaxis, a result demonstrating the necessity
of prolonged growth inhibition for protection. Growth inhibition for 18 hr (two subse-
quent amoxicillin doses) was necessary for protection after intravenous challenge with
105 S. intermedius. Thus, in the absence of bacterial killing, inhibition of valvular coloni-
zation by amoxicillin was not as important a mechanism of endocarditis prophylaxis as
was prolonged inhibition of bacterial growth, which allowed adherent bacteria to be cleared
from the valves.
Successful antibiotic prophylaxis of experimental
bacterial endocarditis can be achieved by mecha-
nisms other than antibiotic bactericidal activity [1-3].
Several studies in which viable Streptococcus san-
guis organisms were exposed to nonbactericidal con-
centrations of vancomycin or amoxicillin showed
that the exposed bacteria were less able than the con-
trols to stick to platelet-fibrin matrices in vitro and
to induce endocarditis in animals with catheter-
induced vegetations. These observations suggested
that in the absence of bacterial killing, antibiotics
might prevent endocarditis by reducing the adher-
ence of circulating microorganisms to the damaged
valves [1-3]. More recently, Lowyet al. [4], using a
strain of S. sanguis pretreated with an inhibitory con-
centration of penicillin, observed both a decreased
adherence of the bacteria to platelet-fibrin matrices
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in vitro and a slight but significant reduction in their
ability to colonize damaged aortic valves of rabbits
in vivo. However, despite these observations, all the
rabbits injected with the penicillin-pretreated bac-
teria had developed endocarditis when killed 24 hr
after bacterial challenge, a result raising the ques-
tion of whether inhibition of bacterial adherence was
actually an efficient mechanism of endocarditis pro-
phylaxis. Moreover, nonbactericidal concentrations
of antibiotics that were successful in the prophylaxis
of endocarditis may have had various effects on bac-
teria such as growth inhibition and enhanced sus-
ceptibility to ingestion and killing by phagocytes [5],
effects not ruled out by the above studies.
To elucidate further the mechanisms of success-
ful prophylaxis of bacterial endocarditis in the ab-
sence of bacterial killing, we performed experiments
aimed at determining in vivo the role of the reduc-
tion of valvular colonization due to the inhibition
of bacterial adherence in the successful prophylaxis
of bacterial endocarditis.
Materials and Methods
Microorganism. Streptococcus intermedius, also
referred to as S. sanguis in some experiments [1], was
originally isolated from a patient with endocarditis
and has previously been used in production of ex-
perimental endocarditis in rabbits [6] and rats [1, 3,
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7]. The MIC and MBC of amoxicillin for this strain
have been shown to be 0.125 and>128 ug/rnl, respec-
tively, resulting in a MBC/MIC ratio of >1,024 [3].
It was previously established by time-killing curves
(with an inoculum of 106 bacteria and a concentra-
tion of 25 ug of amoxicillin/ml) that no significant
killing of this strain occurred during the first 6 hr
of incubation and that only a marginal decrease in
the number of cfu occurred after 24 hr [3]. Similar
observations were made with an inoculum of 103 and
l(P bacteria (authors' unpublished observation). The
concentration of 25 ug of amoxicillin/ml was used
in those experiments because it is similar to the se-
rum levels achieved in rats 30 min after iv adminis-
tration of 40 mg/kg and in humans 2 hrs after an
oral dose of 3 g.
Serum inhibitory and bactericidal titers. The se-
rum inhibitory and bactericidal titers against S. inter-
medius 30 min and 2, 4, and 6 hr after iv administra-
tion of 40 mg of amoxicillin/kg of body weight were
determined in nine rats by standard methods [8] with
an inoculum of 106 S. intermedius. Subcultures were
performed on penicillinase-containing blood agar
(Bactopenase'"; 5 X 106 IV/liter; Difco Laborato-
ries, Detroit). The serum inhibitory titer was the
highest dilution of serum inhibiting visible bacterial
growth, and the serum bactericidal titer was the
highest dilution of serum providing 99.9070 killing
of the original inoculum after incubation for 18 hr.
In vitro adherence assay. With a previously
described in vitro assay system of platelet-fibrin ma-
trices [2] simulating nonbacterial thrombotic endo-
carditis, we determined (1) the influence of amoxi-
cillin on the in vitro adherence of S. intermedius to
these matrices and (2) the influence of amoxicillin
on the subsequent detachment of the adherent bac-
teria during prolonged exposure to the antibiotic.
S. intermedius organisms grown overnight in brain-
heart infusion broth (Difco) were suspended in PBS
supplemented with 25 ug of amoxicillin (Beecham
Research Laboratories, Bern, Switzerland)/ml, giv-
ing a final concentration of 1()4 cfu/ml. Controls were
suspended in PBS alone. These suspensions were im-
mediately poured on platelet-fibrin matrices [2, 3]
in petri dishes and incubated for 5 min at 37 C in
a shaking incubator at 120 rpm. The supernatant was
removed, and the matrices were washed two times
for 5 min each with amoxicillin solution or with PBS
alone. The petri dishes were then divided into two
groups, with each one comprising a control and an
amoxcillin-treated subgroup. The first group was
washed a third time for 5 min with PBS sup-
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plemented with 2,000 V of penicillinase/ml for in-
hibition of residual amoxicillin on the matrices. The
total time of exposure to amoxicillin (or PBS) in this
group (15 min) was chosen for simulation of the
mean duration of bacteremia after iv challenge, dur-
ing which inhibition of adherence has to occur if bac-
terial colonization of the damaged valves is to be
prevented [1]. In the second group, the time of ex-
posure to amoxicillin in the shaking incubator was
prolonged up to 4 hr for simulation of the time of
exposure of the bacteria that attached to the valve,
despite adherence inhibition after a single iv
prophylactic dose of amoxicillin [3]. The matrices
were washed every half hour for 15 min with amoxi-
cillin solution (or PBS), and the supernatant was
carefully recovered for plating and colony counts.
At the end of the assay, the matrices were washed
for 15 min with PBS containing penicillinase, and
penicillinase-containing blood agar was poured over
the matrices. The adherent colonies were counted af-
ter incubation for 48 hr. The percentage of adher-
ent colonies for each sample was defined as the num-
ber of cfu adherent to the matrix X 100 divided by
the initial number of cfu in the inoculum. The results
are expressed as the mean values of 36 determina-
tions in each subgroup performed in three consecu-
tive experiments.
Animal model. Production ofendocarditis. Ster-
ile aortic vegetations were produced in female Wistar
rats (body weight, 180-200 g) by placement of a poly-
ethylene catheter through the aortic valve as previ-
ously described [3]. Twenty-four hours after catheter-
ization, rats were injected iv with 0.5 ml of various
sizes of bacterial inocula from an overnight culture
of S. intermedius diluted in 0.9070 NaCI.
Course ofendocarditis with or without amoxicil-
lin prophylaxis. Thirty minutes before bacterial
challenge, groups of 40 rats were injected iv with ei-
ther 40 mg of amoxicillin/kg of body weight (20 test
rats) or 0.9070 NaCI (20 control rats). This dose of
amoxicillin was chosen because at 30 min after iv
injection in rats it produces peak serum levels simi-
lar to those in humans 2 hr after an oral dose of 3
g [3], which has been advocated for prophylaxis in
humans [9]. In some experiments, one or two iden-
tical subsequent doses of amoxicillin were given 6
and 12 hr after the first dose. For investigation in
vivo of the effect of amoxicillin on the adherence
of S. intermedius on damaged aortic valves, one-half
of the rats of the same experiment were killed early
(10 min or 1, 2, 6, or 12 hr), and the other half were
killed three days after bacterial challenge. This pro-
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cedure permitted for each experiment a valuable
correlation between early bacteriologic results and
the subsequent development of endocarditis in both
amoxicillin-treated and control rats.
Killing was performed as previously described [3,
7]. All cultures of blood and of valve homogenates
were performed on penicillinase-containing blood
agar. In the groups killed early after bacterial chal-
lenge (i.e., at 10 min or 1, 2, 6, or 12 hr), the valves
were rinsed in 5 ml of 0.9070 NaCI before homogeni-
zation for elimination of nonadherent bacteria. The
total amount of homogenate was then plated for
recovery of all adherent bacteria. Because of the
small number of bacteria detected with early kill-
ing, the results were expressed as the number of bac-
teria recovered per valve. In animals killed three days
after bacterial challenge, 0.1 ml of appropriate dilu-
tions of valve homogenates was plated for colony
counts, and the results were expressed in log cfu/g
of valve. Bacterial endocarditis was defined by posi-
tive cultures of valves.
Inactivation of amoxicillin with penicillinase in
rats given antibiotic prophylaxis. In additional ex-
periments two-thirds of the rats were given amox-
icillin, and one-third served as controls. Thirty
minutes after bacterial challenge with 105 S. inter-
medius, half of the amoxicillin-treated rats as well
the control rats were given 0.5 ml of iv penicillinase
(Bactopenase; 5 x 105 IV/mI). Ten minutes after iv
injection of this amount of penicillinase, no detect-
able amoxicillin activity could be measured in the
serum of rats. If prevention of valvular colonization
due to the inhibition of bacterial adherence was the
main mechanism responsible for the prevention of
endocarditis, then penicillinase inactivation of the
remaining antibiotic activity in the blood at the end
of the bacteremic phase should not abolish success-
ful prophylaxis. It has been previously established
that 30 min after bacterial challenge with either 105
or 106 S. intermedius, no circulating bacteria can be
detected [1].
Statistical evaluation. The "I} test with Yates's
correction, the Wilcoxon rank sum test, and Stu-
dent's unpaired t test were used for statistical com-
parisons.
Results
Serum inhibitory and bactericidal titers against
S. intermedius. The mean serum inhibitory titer 30
min, 2 hr, and 4 hr after iv injection of amoxicillin
was 1:32, 1:8, and 1:2, respectively. At 6 hr no se-
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rum inhibitory activity was detectable. No serum
bactericidal activity could be detected at any time.
Influence ofamoxicillin on in vitro adherence of
S. intermedius to platelet-fibrin matrices and on their
subsequent detachment. When incubation in vitro
with 25 J.1g of amoxicillin/ml was for an interval
simulating the duration of bacteremia in vivo (15 min
[1]), the percentage (mean ± SD value of 36 deter-
minations) of S. intermedius adherent to platelet-
fibrin matrices was reduced from 0.13070 ± 0.08C110
in controls to 0.09C110 ± 0.05C110 in amoxicillin-treated
bacteria, a reduction of 30C110 (P < .05).
When the in vitro adherent bacteria were washed
during 4 hr with 25 J.1g of amoxicillin/ml or with PBS
(simulating the time of exposure of bacteria in vivo
to amoxicillin levels in rats after one prophylactic
dose), the percentage (mean ± SD value of 36 de-
terminations) of adherent S. intermedius decreased
to the same extent in the control group (from 0.13C110
± 0.08070 to 0.08C110 ± 0.05C110, a reduction of 38C110)
and in the amoxicillin-treated group (from 0.09070
± 0.05070 to 0.06C110 ± 0.06C110, a reduction of 33C110).
This reduction was due to detachment of the adher-
ent bacteria, as shown by their recovery on culture
of the washing medium. Control experiments with
tryptic soy broth (Gibco Europe, Daisley, Scotland)
instead of PBS as the washing medium (a medium
that may have provided more growth factors than
PBS alone) showed similar results (data not shown).
Bacterial colonization ofdamaged valves and sub-
sequent development ofendocarditis after iv injec-
tion ofvarious inoculum sizes ofS. intermedius. Ex-
periments with 104 S. intermedius (control rats only).
When rats were killed 10 min after bacterial chal-
lenge, four of five valvular homogenates yielded
S. intermedius (1-5 cfu per valve). All cultures of
blood were sterile at this time. In rats killed 1 and
2 hr after bacterial challenge, four of nine and three
of eight valvular homogenates, respectively, still
yielded S. intermedius (1-8 cfu per valve). After 6
hr, however, S. intermedius was no longer detectable
on the valves of all seven rats killed at this time. When
animals were killed three days after bacterial chal-
lenge, only two (9.5C110) of 21 rats had developed bac-
terial endocarditis. Thus it was common for a few
bacteria to adhere early to the damaged valves after
injection with 104 S. intermedius, but these bacteria
had spontaneously disappeared within the next few
hours, and almost all animals had sterile vegetations
at three days.
Experiments with 105 S. intermedius. Although
all animals had detectable S. intermedius on their
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aortic valves 10 min after bacterial inoculation, the
number of streptococcal colonies attached to the
valves of amoxicillin-treated animals (median, 8;
range, 1-14) was slightly but significantly lower than
in controls (median, 13; range, 8-50; P< .05 by Wil-
coxon rank sum test; figure 1).The reduction in num-
ber of cfu per valve was not due to different num-
bers of circulating bacteria because quantitative
cultures of blood performed at the time of killing
yielded similar numbers of bacteria: 12.6 ± 9.6 cfu/
ml in control rats versus 16 ± 27 cfu/ml in amoxi-
cillin-treated rats. Furthermore, killing could not ac-
count for this reduction because exposure to the anti-
biotic was very brief and there was no detectable
serum bactericidal activity at this time. Therefore at
this time of death (10 min), antibiotic-mediated inhi-
bition of bacterial adherence was a likely mechanism
involved in the reduction of streptococcal numbers
on the heart valves of amoxicillin-treated rats when
compared with the bacterial numbers in controls.
One hour after bacterial challenge a slight decrease
in number of cfu per valve was detected in both
groups of rats compared with the number of cfu per
valve in animals killed 10 min after bacterial chal-
lenge. However, when animals were killed 2 or 6 hr
after bacterial challenge, the number of cfu per valve
in control rats had increased by 2.5- and 10-fold,
respectively, compared with the number in control
animals killed at 1 hr, a finding demonstrating that
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the adherent bacteria had started to multiply. In con-
trast, the valvular homogenates of amoxicillin-
treated rats showed a further reduction in the num-
ber of cfu per valve in animals killed at 2 or 6 hr,
and five of nine valves were completely sterile at the
latter time.
When rats were killed three days after bacterial
challenge, 32 (890/0) of 36 control animals had de-
veloped endocarditis due to S. intermedius, a result
demonstrating that 105 S. intermedius used as an in-
oculum for iv bacterial challenge were sufficient to
produce endocarditis in 90070 of the rats. In contrast,
in the amoxicillin-treated rats, endocarditis was pres-
ent in only eight (23070) of 34 rats (P< 10-4 ) , a result
demonstrating the successful prophylaxis afforded
by amoxicillin after challenge with the 90% infec-
tious dose.
Effect ofamoxicillin inactivation by penicillinase
injected 30 min after bacterial challenge with 105
S. intermedius. Penicillinase treatment 30 min af-
ter bacterial challenge completely abolished the
prophylactic effect of amoxicillin. When animals
were killed three days after bacterial challenge, only
11 (360/0) of 30 rats given amoxicillin alone had de-
veloped endocarditis compared with 21 (840/0) of 25
rats that had received penicillinase after amoxicillin
prophylaxis (P < .01), an incidence similar to that
in control rats operated on at the same time (18[90%]
of 20). These results suggested that some antibac-
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Figure 1. Natural history of en-
docarditis due to S. intermedius early
after iv challenge with 105 cfu. Left, ab-
solute numbers of bacteria cultured
from the damaged valves during the
early course of endocarditis. Each
point represents the number of bacte-
ria on the valve of one single rat: con-
trols (0) and amoxicillin-treated rats
(.). Right, the incidence of endocardi-
tis in paired control (C) and amoxicil-
lin-treated (A) rats three days after iv
challenge with 105 S. intermedius. The
numbers at the bottom of each column
are the number of rats in each group.
In the upper part are given the mean
± SD (bars) bacterial densities (MBD)
recovered from infected valves (ex-
pressed as log cfu/g of valve). An aster-
isk indicates P < .05 compared with
control rats by Wilcoxon rank sum test.
A dagger indicates P< .0001 compared
with controls by X2 test with Yates's cor-
rection.
Mechanisms of Endocarditis Prophylaxis 805
terial activity in the serum was necessary for success-
ful prophylaxis even after the end of the bacteremic
phase after the iv challenge.
Experiments with 106 S. intermedius. Early af-
ter bacterial challenge with an inoculum 10 times
greater than the 90070 infectious dose, the valves were
colonized with "-'10 times more bacteria than the
valves in animals challenged with an inoculum of
105 S. intermedius (figure 2). Ten minutes after bac-
terial challenge the amoxicillin-treated group showed
a slight but nonsignificant reduction in the number
of cfu per valve compared with the control group.
Quantitative cultures of blood at this time of killing
yielded 32 ± 25 cfu/ml of blood in controls versus
23 ± 11 cfu/ml in amoxicillin-treated rats (P> .1).
In rats killed 1 hr after bacterial challenge, the num-
ber of cfu per valve was slightly reduced in both
groups of rats compared with bacterial numbers re-
covered at 10 min, and cultures of blood were ster-
ile. At 2, 6, and 12 hr after challenge a rapid bac-
terial growth was observed on cultures of the valves
in control rats. In contrast, in the amoxicillin-treated
group a further reduction in the numbers of cfu per
valve was observed up to 6 hr. This reduction cor-
responded approximately to the interval that serum
inhibitory activity was measurable after amoxicillin
prophylaxis. However, unlike the valves in the experi-
ments with an inoculum of 105 S. intermedius, eight
of nine valves were still infected at this time. As a
result, when animals wert> ~ ..illed after 12 hr, when
there was no serum inhibitory activity detectable, 13
of 14 amoxicillin-treated rats had a 1oo-fold increase
in bacterial numbers, and at three days 60 (92070) of
65 control animals and 63 (91070) of 68 amoxicillin-
treated animals had developed full-blown endocardi-
tis due to S. intermedius. Therefore the reduction in
number of cfu per valve observed during the first
6 hr was not sufficient for prevention of bacterial
growth to resume once serum inhibitory activity was
no longer detectable.
Effect ofmultiple doses ofamoxicillin in rats chal-
lenged with 106 S. intermedius. In a further inves-
tigation of whether prolonged bacteriostatic activity
after amoxicillin prophylaxis was a likely mechanism
of protection against the development of endocardi-
tis, experiments were performed in which amoxicil-
lin-treated rats challenged with 106 S. intermedius
(an inoculum 10 times greater than the 90070 infec-
tious dose that overcame successful single-dose
amoxicillin prophylaxis) were given none, one, or two
subsequent doses of amoxicillin at 6-hr intervals. In
these experiments the incidence of endocarditis was
90070 (38 of 42) in rats given a single amoxicillin
prophylactic dose, 69070 (11 of 16) in rats given one
subsequent dose 6 hr thereafter (P> .1), and 25070
(6 of 24) in rats given two subsequent doses at 6 and
12 hr after bacterial challenge (P < 10-4 compared
with the other two groups of rats). Therefore, provid-
ing serum inhibitory levels of amoxicillin during an
18-hr period extended the prophylactic efficacy of
amoxicillin to a bacterial inoculum 10 times greater
than the 90070 infectious dose.
Discussion
Several recent studies performed both in vitro and
in vivo [1-4] have provided indirect evidence that in-
hibition of bacterial adherence might be a mecha-
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Figure 2. Natural history of en-
docarditis due to S. intermedius after
iv challenge with 106 cfu. Left, mean
± SD (bars) numbers of bacteria cul-
tured from the damaged valves during
the early course of endocarditis: con-
trols (0) and amoxicillin-treated rats
(.). The numbers next to each point
are the number of rats at each inter-
val. Right, the incidence of endocardi-
tis in paired control (C) and amoxicil-
lin-treated (A) rats three days after iv
challenge with 106 S. intermedius. The
numbers at the bottom of each column
are the number of rats in each group.
In the upper part are given the mean
± SD (bars) bacterial densities (MBD)
recovered from the infected valves (ex-
pressed as log cfu/g of valve).
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nism by which antibiotics prevent bacterial en-
docarditis in the absence of bacterial killing. In the
present experiments with a streptococcal strain (S. in-
termedius) tolerant to the killing effect of amoxicil-
lin, we have also observed that amoxicillin-treated
bacteria were less able than controls to stick to
platelet-fibrin matrices in vitro and to colonize
damaged valves in rats with catheter-induced vege-
tations. It is likely, however, that this early reduc-
tion in the valvular colonization observed in treated
rats at the end of the bacteremia could not entirely
explain the successful protection afforded by amox-
icillin, for at least two reasons. First, in rats chal-
lenged with 105cfu of S. intermedius (i.e., the mini-
mal inoculum infecting 900/0 of control rats),
although the average number of cfu per valve 10and
60 min after iv challenge was slightly decreased af-
ter amoxicillin prophylaxis, there was a striking over-
lap in the number of bacteria present on the valves
of amoxicillin-treated and control rats. In contrast,
the reduction in the incidence of endocarditis con-
ferred by amoxicillin in rats killed at three days was
740/0 compared with the incidence in control rats.
Second, the inactivation of amoxicillin by penicil-
linase 30 min after bacterial challenge completely
abolished its prophylactic efficacy. If the decrease
in early valvular colonization due to the inhibition
of bacterial adherence by amoxicillin were to play
a major role in the prevention of bacterial endocardi-
tis, suppression of the antibiotic activity in serum
after the end of the bacteremic phase should not have
abolished the prophylactic effect of amoxicillin. It
appears therefore that for conferring protection,
amoxicillin had to be present in rat serum after the
end of the bacteremia, i.e., after the circulating micro-
organisms had attached to the cardiac vegetations.
During the first 6 hr after the iv challenge with
both 105and 106 S. intermedius (i.e., until the serum
levels of amoxicillin became undetectable), rates of
growth of bacteria recovered from the valves of
amoxicillin-treated animals and controls were strik-
ingly different. In control rats, bacterial multiplica-
tion on the damaged valves could already be detected
2 hr after bacterial challenge, and a 10-fold increase
was observed after 6 hr. In contrast, the number of
cfu on the valves of amoxicillin-treated rats decreased
progressively during the 6-hr interval after iv chal-
lenge. During this period, the bacteria (l05 S. inter-
medius) disappeared from the damaged valves, but
this was not enough time for complete clearance af-
ter challenge with 106 S. intermedius.
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Several possible mechanisms might have been
responsible for the decrease in the number of cfu
on the valves of animals given prophylactic amox-
icillin. First, the adherent bacteria might have been
killed by amoxicillin. However, we have previously
shown in vitro that sustained amoxicillin concentra-
tions simulating peak serum levels did not kill 106
S. intermedius over a 24-hr incubation period [3].
Similarly, exposure of 103 and 102 S. intermedius
(simulating bacterial numbers present on vegetations
early after bacterial challenge) to peak concentra-
tions of amoxicillin for 24 hr did not result in sig-
nificant bacterial killing (data not shown) and thus
rendered unlikely the possibility that small bacterial
inocula could be killed faster than large inocula.
Moreover, in vivo serum bactericidal activity was not
detectable in rats at the time of bacterial challenge,
i.e., at the time of peak amoxicillin level. Thus, al-
though the presence of active amoxicillin in serum
for several hours after bacterial challenge was neces-
sary for successful endocarditis prophylaxis, mech-
anisms other than mere killing by amoxicillin ap-
peared to be responsible for the reduction in bacterial
numbers on the valves.
A second possible mechanism for diminished bac-
terial numbers during antibiotic exposure might be
related to amoxicillin-mediated detachment of bac-
teria from the vegetations. Amoxicillin slightly but
clearly interfered with the in vitro and in vivo stick-
ing of S. intermedius to platelet-fibrin structures. It
is conceivable that the drug subsequently weakened
the attachment of adherent bacteria to the vegeta-
tions. If this hypothesis were true, inhibition by
amoxicillin of adherence mechanisms would have
had two manifestations: (1) the failure of organisms
to attach initially and (2) the detachment of already
adherent bacteria. However, the latter hypothesis of
antibiotic-mediated detachment was not supported
by in vitro experiments, which showed that prolonged
exposure to and washing with amoxicillin of the
platelet-fibrin matrices did not increase the detach-
ment of S. intermedius over that seen with PBS
washes. Similarly, Lowy et al. [4] did not observe in-
creased detachment of streptococci adherent to
platelet-fibrin matrices on exposure to inhibitory
concentrations of penicillin. The detachment hy-
pothesis was not supported by in vivo observations
either, which showed that in untreated rats killed
early after bacterial challenge there was a spontane-
ous trend toward the disappearance of bacteria from
the colonized valves, even in the absence of antibi-
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otic prophylaxis. This finding was most striking in
the experiments with 104 S. intermedius, in which
the valves were colonized with small numbers of bac-
teria early after iv challenge but were sterile three
days later. Similarly, when 10 and 100 times larger
inocula were injected iv, which resulted in attachment
of 10-100 times more bacteria on the valves, the num-
ber of adherent bacteria decreased to the same ex-
tent in the control and amoxicillin-treated rats dur-
ing the first hour after bacterial challenge, before
bacterial growth started in controls. Thus even in the
absence of antibiotic, bacteria attached to the
damaged valves showed a natural tendency toward
disappearance. Therefore, the in vivo and in vitro ob-
servations did not support the hypothesis that the
inhibition of attachment, the promotion of detach-
ment, or both fully accounted for successful antibi-
otic prophylaxis.
Successful prophylaxis against S. intermedius en-
docarditis afforded by amoxicillin in the present ex-
periments was apparently not conferred by bacterial
killing mechanisms due to amoxicillin alone, or by
mechanisms related to inhibition of adherence or
promotion of detachment. Because the presence of
bacteriostatic concentrations of amoxicillin for sev-
eral hours after the bacteremic phase was crucial for
prophylaxis, the mere inhibition of bacterial growth
may be responsible for the successful prophylaxis in
allowing the adherent bacteria to disappear from the
valves. Six hours of bacterial growth inhibition
provided by one dose of amoxicillin permitted bac-
terial clearance and successful prophylaxis in animals
challenged with lOS S. intermedius, and two subse-
quent doses (inhibiting bacterial growth during an
18-hr period) afforded effective protection in animals
challenged with 106 S. intermedius. Whether the bac-
terial clearance of resting organisms was solely due
to hemodynamic forces, or whether it was mediated
by host defense factors alone [10-12] or promoted
by amoxicillin remains to be determined [5, 13].
In conclusion, the present experiments suggest that
in the absence of bacterial killing, growth inhibition
may be an important mechanism of successful an-
tibiotic prophylaxis of endocarditis in allowing the
bacteria to be cleared from the damaged valves.
When large inocula are used, prolonged administra-
tion of inhibitory concentrations of antibiotics might
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circumvent the limited efficacy of antibiotics in pre-
venting endocarditis.
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